The aim of this study was to determine the effects of orange peel essential oil intake by feed and thermotolerance acquisition by early age treatments on antioxidant status of liver, heart and spleen in Japanese quails which subjected to acute heat stress. 168 seven-day-old quail chicks were randomly assigned to six groups as the control; thermal conditioning and fasting for 24 h fed with basal feed or 300 ppm orange peel essential oil added feed. Acute heat stress at marketing age was affected antioxidant systems of selected organs. Orange peel essential oil supplementation decreased Malondialdehyde (MDA) levels while no effect was observed on enzyme activities. Fasting and thermal conditioning at early age negatively affected the antioxidant status of selected organs. Orange peel essential oil may prevent tissues from lipid peroxidation and can be used as a natural antioxidant supplement in heat stress.
INTRODUCTION
Animals under heat stress simultaneously exhibit oxidative stress, which causes further cellular damage. Dietary modifications are among the most preferred and practical ways to alleviate the effect of high environmental temperature on poultry performance. Studies have shown that under stressful conditions, the requirements for antioxidants are thought to be increased to protect tissues from lipid peroxidation and antioxidant nutrient supplementation could be used to attenuate the negative effects of environmental stress [1] . Orange oil is an essential oil produced by cells within the rind of an orange fruit. Recently, the orange peel essential oil has been used as Effect of Orange Peel ... antioxidant, antimicrobial and growth promoter agent [2] . Thermal conditioning is one of the management tools that partially enable organisms to cope with extreme environmental conditions and has been experienced in many poultry species for economic losses due to heat stress by thermal conditioning or short-term fasting or feed restriction at an early age [3] . The objective of the present study was to test the effects of orange peel essential oil and acquisition of thermotolerance by early age thermal conditioning or fasting on the antioxidant function of liver, heart and spleen in quail chicks when they are subjected to a high ambient temperature in the finishing phase.
MATERIAL and METHODS
All procedures were approved by Firat University Institutional Animal Care and Use Committee (FUHADEK, verdict no: 04.04.2013/55). One hundred and sixty eight 7-d-old Japanese quail chicks were weighed individually and randomly assigned to six groups of 4 replicate pens (30×80 cm), containing 7 chicks using a completely randomized design (CRD). Then early age stress factors of fasting and thermal conditioning were applied to four of six groups for 24 h. The two groups of four were subjected to fasting and the other two groups of four were subjected to thermal conditioning at 36±1°C with 70-80% relative humidity for 24 h. Thermal conditioning was applied by electric heater with water vaporization to obtain heat stress. Then the experiment was continued as: 1) Unstressed and no added (Negative Control) Group (NC), 2) Fasted Group (F), 3) Thermal Conditioned Group (TC), 4) Unstressed but Orange Essential Oil added (Positive Control) Group (PC + OEO), 5) Fasted + Orange Essential Oil Group (F + OEO) and 6) Thermal Conditioned + Orange Essential Oil Group (TC + OEO).
The diet was formulated to meet the nutrient requirements of the Japanese quails according to the NRC [4] recommendations. The ingredients and compositions of the basal diet are presented in Table 1 . Orange peel essential oil was mixed in a carrier (Zeolite), and added to the basal diet at a level of 10 kg/ton to obtain 300 ppm of essential oil concentration. The concentration of the volatile component of orange peel essential oil was shown at Table 2 .
Chemical composition of feed ingredients (dry matter, crude protein, ash and ether extract) were analyzed according to the AOAC [5] procedures and crude fiber was determined by the methods of Crampton and Maynard [6] .
At the end of the study, all groups were subjected to heat stress at 33±1°C for 6 h. Then 10 quails from each experimental group whose body weight near the group average were slaughtered by cutting the jugular vein. Then liver, heart and spleen weights were measured and kept at -20°C until laboratory analyses.
Malondialdehyde (MDA) concentration of the tissue homogenates expressed as the thiobarbituric acid reactive substances (TBARS), were assayed spectrophotometrically according to the method of Placer et al. [7] . Catalase (CAT) activity was estimated by measuring the breakdown of H 2 O 2 at 240 nm according to the method of Aebi [8] . Glutathione Peroxidase (GSH-Px) activity was determined using the method of Lawrance and Burk [9] , which records at 340 nm, the disappearance of NADPH. Glutathione (GSH) concentrations of the tissue homogenates were measured by an assay using the dithionitrobenzoic acid recycling method described by Sedlak and Lindsay [10] . Superoxide Dismutase (SOD) activity were evaluated in accordance with the method described by Sun et al. [11] . Tissue protein contents were determined by the method of Lowry et al. [12] .
Data were subjected to two-way Anova by using GLM (General Linear Model) procedure. Significant differences were further subjected to Duncan's multiple range test [13] .
RESULTS
Either early age treatments or essential oil supplementation were not influenced the liver, heart and spleen weights of quails ( Table 3 ).
The effect of orange peel essential oil supplementation and thermotolerance acquisition on antioxidant status of liver, heart and spleen are presented in Table 4 . Essential oil supplementation was significantly decreased Malondialdehyde (MDA) levels of liver (P<0.001), heart (P<0.05) and spleen (P<0.05). It is strange that the unexpected values were occurred by thermotolerance acquisition. MDA (P<0.001), CAT (P<0.01), GSH (P<0.01) levels of liver and MDA (P<0.05), CAT (P<0.001), GSH-Px (P<0.05), GSH (P<0.01) levels of heart and MDA (P<0.001), CAT (P<0.05) levels of spleen were negatively affected by fasting and thermal conditioning at early age.
DISCUSSION
Organ weights were similar among groups in the current study. Similarly, Simsek et al. [14] and Ciftci et al. [15] have found no effect on relative weights of liver, heart and spleen of broilers with dietary thyme and cinnamon essential oil supplementation, but it is reported that liver weights were increased by anise essential oil supplementation [16] .
Increasing MDA levels of liver, heart and spleen in the current study might be due to the heat stress condition. Similarly, Yang et al. [17] mentioned about heat stress induced a significant production of reactive oxygen species (ROS), function of the mitochondrial respiratory chain, antioxidative enzymes such as SOD, CAT, GSH-Px activity and formation of MDA. Supplementation of orange peel essential oil to diet reduced MDA production in liver, heart and kidney, under heat stress condition. Likewise, Simsek et al. [18] reported that cinnamon oil supplementation decreased the MDA levels in liver, kidney and heart tissues of Japanese quails under heat stress condition. Faix et al. [19] observed that 0.1% level C. zeylanicum essential oil supplementation has significantly decreased the concentration of MDA in plasma and duodenal mucosa; however it had no significant effect on the concentration of MDA in the liver and kidney tissues.
In this study orange peel essential oil supplementation had no effect on antioxidant enzyme activities of liver, heart and spleen. But, these results are in contrast with the findings of Akbarian et al. [20] whom recorded that the dietary supplementation of the bird's diet with orange peel essential oil had significant differences in glutathione peroxidase and superoxide dismutase activity, when compared with the control group. It is possible that the antioxidant properties of essential oils are being utilized by the cells, thus sparing the intracellular antioxidant system. Barja de Quiroga et al. [21] suggested that cellular antioxidants are under homeostatic control and that dietary antioxidant supplementation depresses endogenous antioxidant synthesis so as to nullify the expected beneficial effect of the supplement.
In conclusion, orange peel essential oil supplementation has protective effects to tissues in heat stress, but early age thermal conditioning or fasting had no positive effects. However, future research experiments based on different doses of essential oils or in combination (to explore their possible synergic effects) and thermotolerance acquisition could be designed to elucidate more precisely their effects on the oxidative status of avian species.
